Background-Whenever a proband is identified with long-QT syndrome (LQTS), his or her parents and siblings should be evaluated regarding the possibility of carrying the disorder. In the majority of cases, one of the proband's parents and one or more siblings are affected. The aim of this study was (1) to determine whether the clinical severity of LQTS in the proband is useful in identifying first-degree family members at high risk for cardiac events, and (2) to evaluate the clinical course of affected parents and siblings of LQTS probands. Methods and Results-The clinical and ECG characteristics of 211 LQTS probands and 791 first-degree relatives (422 parents and 369 siblings) were studied to determine if the clinical profile of the proband is useful in determining the clinical severity of LQTS in affected parents and siblings. Affected female parents of an LQTS proband had a greater cumulative risk for a first cardiac event than affected male parents. The probability of a parent or sibling having a first cardiac event was not significantly influenced by the severity of the proband's clinical symptoms. Female sex and QT c duration were risk factors for cardiac events among affected parents, and QT c was the only risk factor for cardiac events in affected siblings. Conclusions-The severity profile of LQTS in a proband was not found to be useful in identifying the clinical severity of LQTS in affected first-degree relatives of the proband. (Circulation. 2001;104:557-562.)
T he congenital long-QT syndrome (LQTS) is an inherited disorder with prolonged ventricular repolarization predisposing to ventricular arrhythmias causing syncope, aborted cardiac arrest, and death. The clinical presentation of LQTS is influenced by an individual's age, sex, and genotype. After the initial study linking one form of LQTS to chromosome 11 in 1991, 1 many different mutations have been identified in the cardiac sodium and potassium channel genes responsible for different forms of LQTS. To date, these genotypes include LQT1:KVLQT1 on chromosome 11, LQT2:HERG on chromosome 7, LQT3:SCN5A on chromosome 3, LQT4 associated with a locus on chromosome 4, LQT5:KCNE1, the ␤-subunit of KVLQT1 on chromosome 21, and LQT5:KCNE2, a component of HERG on chromosome 21. [2] [3] [4] [5] [6] [7] The effects of LQTS genotypes on ECG T-wave morphology and clinical outcome have been reported. [8] [9] [10] Given the genetic nature of the disease, the identification of a proband with LQTS should involve an assessment of other family members for LQTS. This study focuses on probandidentified LQTS families from parents born before 1959 who lived to procreate an LQTS proband. This subset of the International LQTS Registry was selected to enhance our understanding of the clinical course of this disorder in first-degree relatives of identified probands with LQTS. The purpose of this study was to determine if the clinical profile of the proband is useful in determining the severity of LQTS in parents and siblings.
Methods

Study Population
The study population was drawn from the International LQTS Registry and consisted of proband-identified families in which both proband's parents were born before 1959. The parental birth requirement was implemented to obtain a full 40-year follow-up of parents, thus allowing for a sufficiently long exposure of parents to draw clinically meaningful conclusions regarding their risk of cardiac events. In this study, the proband was defined as the first living family member identified with LQTS by ECG QT c criteria. 11 Probands were usually brought to the attention of the registry because of symptoms and were usually identified at a relatively young age (children, adolescents, young adults); their family pedigrees consisted of parents and siblings but rarely their own children. This analysis focuses on parents and siblings of identified LQTS probands but excludes probands with congenital deafness (Jervell and Lange-Nielsen syndrome) because these subjects have a double mutation with inheritance of mutant LQTS alleles from each parent. 
Clinical and ECG Variables
Routine clinical and ECG information was acquired at each subject's enrollment into the International LQTS Registry. The history of the occurrence of any cardiac events (defined as syncope, aborted cardiac arrest, or cardiac death) and the subject's age at first event Note: Age at first ECG is the age when the proband was enrolled into the LQTS Registry. Probands were followed for varying lengths of time, with a few but not all to age Ն40 years. Cardiac events and cardiac arrest or death were censored at age 40 years to avoid the confounding influence of non-LQTS comorbidity on events after age 40 years. Only P values Յ0.05 are shown. Note: Age at first ECG is the age when the parent was enrolled into the LQTS Registry. All parents of probands were born before 1959 and were Ն40 years of age at the time of this analysis. Cardiac events and cardiac arrest or death were censored at age 40 years to avoid the confounding influence of non-LQTS comorbidity on events after age 40 years.
were obtained. ECG parameters included baseline QT c and heart rate. Follow-up data about cardiac events were acquired after enrollment from various family members and recorded on prespecified forms. The clinical course of all enrolled subjects was based on the occurrence of cardiac events from birth until the date of last follow-up. Information about LQTS therapy at enrollment and at periodic follow-up contact was also obtained.
Statistical Analysis
Associations between demographic, ECG, and therapeutic characteristics among the probands, parents, and siblings were evaluated with the use of standard statistical techniques. Time-dependent cardiac events were assessed by the Kaplan-Meier life-table method. The Cox proportional hazard regression model 12 was used to evaluate the independent contribution of specified clinical characteristics to time-dependent cardiac events. Resulting hazard ratios are reported with 95% confidence intervals for both nominal and continuous variables.
Results
Probands
The clinical characteristics of 211 LQTS probands subdivided by sex are presented in Table 1 . More than 80% of the probands were identified after a syncopal or cardiac arrest event. Male probands had their first cardiac event at a younger mean age than did female probands. Despite the younger age presentation by male probands, female probands displayed a higher frequency of cardiac arrest or LQTSrelated death by age 40 years. ECG characteristics were Only P values Յ0.05 are shown. Note: Age at first ECG is the age when the sibling was enrolled into the LQTS Registry. Siblings were followed for varying lengths of time, with a few but not all to age 40 years and beyond. Cardiac events and cardiac arrest or death were censored at age 40 years to avoid the confounding influence of non-LQTS comorbidity on events after age 40 years. similar in male and female LQTS probands, and ␤-blocker use was more frequent in female probands.
Parents
The clinical characteristics of parents of LQTS probands are presented in Table 2 . The QT c interval was significantly longer in affected female than male parents. This sex difference in QT c duration was also present in unaffected parents. Mothers more often than fathers had a cardiac event during the first 40 years of their life, but the first cardiac event occurred earlier in life in LQTS fathers than mothers. LQTSrelated aborted cardiac arrest or death occurred in 4% of the affected female parents but not in any of the affected male parents. Affected female parents exhibited an increasing cumulative probability of a first cardiac event with age, whereas affected male parents showed a leveling off of cumulative risk in their early twenties, with a near elimination of future risk of a first event after that age (Figure 1) . The probability of a parent having a first cardiac event was not significantly associated with the occurrence of lifethreatening events in the proband (Figure 2A ) or to the QT c duration of the proband ( Figure 2B ).
Siblings
The clinical characteristics of the siblings of LQTS probands separated by LQTS status are presented in Table 3 . Approximately one third of the affected siblings had a cardiac event, with 10% having an aborted cardiac arrest or death by age 40 years. Unaffected siblings had a low frequency of cardiac events, exclusively syncope, but no aborted cardiac arrest or death. The clinical features of the affected siblings were similar in males and females. The probability of a sibling having a first cardiac event was not related to the occurrence of life-threatening events in the proband ( Figure 3A) or to the QT c duration of the proband ( Figure 3B ).
Risk Analysis
A Cox proportional hazards model was used to identify clinical risk factors for cardiac events among first-degree relatives of the proband (Table 4) . For affected parents, female sex and length of the QT c interval of the parents were found to be significant risk factors for cardiac events; for affected siblings, the QT c duration of the sibling was the only significant risk factor associated with cardiac events. No proband characteristics entered the risk models.
Discussion
We examined the clinical course of family members of LQTS probands whose parents were born before 1959. The severity of the LQTS disorder in the proband was not found to be useful in identifying the clinical severity of LQTS in affected first-degree relatives (siblings or parents) of the proband. Affected mothers of LQTS probands displayed an ongoing risk for cardiac events well after the birth of the proband but affected fathers did not. The length of the QT c interval in affected parents and siblings was associated with a significant risk of LQTS-related cardiac events.
During our 20-year experience with the International LQTS Registry, the majority of LQTS probands have been identified after a symptomatic cardiac event, either syncope or aborted cardiac arrest. It had been our conventional thinking that a life-threatening presentation of LQTS in a proband would be useful for identifying affected family members, assuming they were accurately classified as affected gene carriers by QT c criteria, with an increased risk of having similar life-threatening cardiac events. The findings from this study do not support this clinical reasoning. Rather, these findings are consistent with variable intrafamily penetrance of this genetic disorder. 13 Most likely, other genetic and environmental factors played a role in modulating and modifying the clinical manifestations of LQTS in different members of the same family. As previously shown, genotype, age, and sex influence the course of LQTS in affected family members. 9, 14, 15 It is interesting that a sex difference exists in event rates for parents but not for siblings, with higher event rates in mothers than fathers of the proband but similar event rates in sisters and brothers of the proband. The discrepant findings in event rates in parents and siblings by sex may relate to the fact that the parents are a generation older than the siblings. A more complete follow-up time exposure is present in parents than siblings of the proband during ages 15 to 40 years, a time period when the cardiac event rate progressively increased in mothers of the proband but not in fathers (Figure 1 ). Also, a higher percentage of siblings were using ␤-blockers than were parents, and this therapy is known to reduce the subsequent rate of cardiac event in those with higher pre-␤-blocker event rates. 16 
Study Limitations
Family members were categorized as affected or unaffected with LQTS by age-and sex-adjusted QT c criteria. 11 This classification of subjects as affected and unaffected on the basis of QT c alone is somewhat imprecise, and in subjects with borderline-prolonged QT c values there may be some misclassification in those categorized as affected or unaffected. In this regard, from the 211 probands there were 225 parents who were categorized as being affected. This finding suggests that there may have been 14 probands with a double mutation or that 14 parents were incorrectly classified as being affected, or some combination of these two possibilities. When we eliminated the 14 proband families with two "affected" parents by ECG criteria, the study findings were essentially unchanged.
Although proband characteristics did not predict LQTSrelated cardiac events among the affected parents, a trend to increasing risk in parents of probands having more serious symptoms is evident in Figure 2A . The absence of a significant difference in this trend may be due to the fact that the study was underpowered to detect such differences.
Unaffected parents and unaffected siblings had a low frequency of syncope, averaging Ϸ6%, and none of the unaffected family members had aborted cardiac arrest or premature sudden death. This syncopal event rate of 1% to 11% in unaffected family members may reflect imprecision in the classification of "unaffected" by the QT c criteria. On the other hand, the syncopal events in these unaffected subjects may have been due to causes unrelated to LQTS, so-called background noise. In an ongoing analysis from the LQTS Registry, we have found that a history of syncope occurs in Ϸ6% of genotype-negative members of genotyped LQTS families.
Genotype data were available in only 70 subjects in this data set. Appropriate family analyses of disease severity by proband genotype were not possible because of the small number of currently available genotyped subjects. The use of ␤-blocker therapy in affected siblings was in the range of 35%. ␤-Blockers are associated with some reduction in the frequency of syncopal cardiac events, 16 and this therapy may be a confounding factor in the lack of association observed in disease severity between probands and affected siblings.
Conclusions
This study reveals that an ongoing risk for a first cardiac event persists throughout adulthood for affected mothers of LQTS probands but not for fathers. Although proband presentation varies with respect to sex, age, and disease severity, multivariate analysis did not demonstrate that these proband characteristics predict LQTS-related cardiac events among affected parents or siblings. Because the clinical severity of LQTS in the proband does not predict disease severity in family members, treatment decisions for a first-degree relative of a proband should not be based on severity of LQTS in the proband. Rather, parental sex and parental and sibling QT c duration are important risk characteristics that should be used in treatment decisions for family members of probands, regardless of LQTS severity in the proband. 
